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SECTION 1 
INTRODUCTION 
This document describes a computer program written to assis t  in the analysis of the Stability 
Criteria for  the OAO Coarse Pointing Mode. The program was originally constructed in 
I two independent segments which were then consolidated into the final version identified here. 
The computer language utilized is FORTRAN IV. The computer used was the GE 635, 
although any other computer offering the standard FORTRAN IV language may be used. 
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SECTION 2 
COMPUTING SYSTEM REQUIREMENTS 
HARDWARE 
IBM 7090/7094 Data Processing System 
o r  
GE 625/635 Data Processing System 
SOFTWARE 
IBM 7090/7094 IBSYS Operating System 
FORTRAN IV Language 
o r  
GE 625/635 GECOS Operating System 
FORTRAN IV Language 
2-1 
. 
SECTION 3 
GENERALIZED LOGIC FLOW 
The following flow diagrams identify the overall calculation sequence of the program. The 
numbers to the right of the various boxes identify the corresponding equations which a re  
being solved from Part 1 of the Final Report. 
3-1 
Initialize constants 
Set variables to zero 
d Read input 
Coinpute B* 
from other input 
variables 
Test COMP B = 
I 1 
Set group indicators 
1, 2,  or 3 
Output command 
@ - i d  values t a and position 
Save input and 
convert position data 
Output all other 
input values 
Set up data for 
compatibility with 
TASK3 subroutine 
1 
Figure 3-1. Main Program 
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Tes t  ITS = 0 
Iteration control 
L 
Set P*, V*, E* 
to new values from 
integration resul ts  
Increment counter ITER 
I 
call TASK4 
subroutine 
Reset all input 
variables 
6 
Figure 3-1. Main Program (contd) 
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. 
I *' 
Zero  matrices 
1) 
1) 
4 
1) 
Identify group 
Obtain G matrix I 
Obtain EL matrix 
Obtain ELV, D, 5 matr ices  
1* 
2* 
Obtain V matrix m 
Obtain Y matrix I 
Call MINORS 
subroutine 
cza Obtain Y1, y , s '  
Compute sums 
6 
9 
SM2 - - c s; . SI 
i = 7  i i 
3* 
4* 
5* 
*NOTE - 
See Appendix A for equation 
reference.  
Figure 3-2. TASK3 Subroutine 
3-4 
output 
SZERO, SONE 
Initiate R-K 
Integration technique 
6* 
Proceed with R-K 
until 
T = TFINAL 
Evaluate new 
QWIG < 
*Note 
see Appendix A 
for equation 
reference 
Figure 3-2. TASK3 Subroutine (contd) 
3 -5 
Obtain R2 7 eObtain R 1  
Evaluate Z 's  
I 
Compute CIS Q 
THETA 1, THETA 2 
Compute THETA 7 
Compute GAMMA 
7* 
8* 
9* 
10* 
11* 
12* 
output e ,  r 
THETA, GAMMA + Return 
*NOTE 
See Appendix A 
for equation reference 
Figure 3-3. TASK4 Subroutine 
3 -6 
Variable Name Symbol 
ZSTDY (1 0) 
-
zS 
DEL1, DEL3 
DEL4, DEL5, 
DEL6 
COMVAL(4) 
RHO 
e 
PS 
vS 
b 
6 
Used by 
MAIN 
TASK4 
TASK3 
TASK3 
TASK3 
MAIN 
TASK3 
SECTION 4 
DIESCRIPTION OF INPUT VARIABLES 
Definition 
The steady-state 
position vector 
(is) = zs 
s 
as 
amps 
volts 
The angles 
pJe* PKe* yJe* yKe 
where J and K a r e  
the following pairs 
193 
375 
4 , 6  
controls for the chosen 
pair e. g., (3, 5) 
DEL3 = DEL5 = 1 . 0  
a l l  others = 0.0 
command values 
group1 group11 groupIIl 
P TASK3 constant 
Variable Name 
KAPB,KAP3, 
KAP4, KAP5, 
KAP7, KAP8 
NU 
NORMK 
SCALE 
COMPB 
T FINA L 
DT 
NTIMES 
Symbol 
%... 
v 
/w 
Dl 
'i, i d ,  6 
Used by 
TASK3 
TASK3 
MAIN 
TASK3 
TASK3 
TASK3 
TASK3 
MAIN 
TASK3 
TASK3 
MAIN 
Definition 
constants 
parameter 
parameter 
parameters 
D1 = DIAG of a (3x3) 
matrix 
parameters 
scale  factor usually 
1 .0  
control for decision to 
input or compute 
OKcI 'jc' 'Kc 
where J ,  K a r e  one of 
the pairs  (1,3), (3,5), (4,6) 
upper limit of integration 
increment of integration 
The loop through TASK3 
and the R-K integration 
will  terminate if either 
of the following conditions 
a r e  met: 
1) - NTIMES - a maximum 
number of iteration desired. 
2) - The small gimbal angle 
e r r o r  SQWE is  pneitive 
4-1 
SECTION 5 
SAMPLE INPUT 
, 
A listing of the data cards for a sample case follows. Al l  data input is accomplished by 
using the NAMELIST feature. 
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, 
SECTION 6 
DECK SETUP 
(GE 625/635) 
Figure 6-1. Deck Setup 
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SECTION 7 
SAMPLE OUTPUT 
1 7.19Y4UlJt 00 
P -  (1, 
4 , ' JOSCOOUE 0 1  ;L.!JU001dJC 01 
KAP2 5 ,37OUuOI?  U Y  
K I P 7  a , t d l O J O L t - J b  
1.04JOUUIIE Jl 1 . 0 4 0 U J J U ~  01 
1.92Y%77/E 01 
DEL4 2 .  
4.UOJOJOUE 01 
< A 9 3  2 . 6 8 5 3 0 0 J f  06 
KAPd 2 .60300UJE 0 1  
4 , 1 4 3 6 5 ' 3 4 E  04 4 . 7 4 J b J Y b E  04 
C0M"P' I  1,JO'lOUUUE 04 
1,04JUJOUE 0 1  
"L, J. 
6AP4 - L , U O ~ I 0 0 0 0 E  O U  
NU 2 . J O J O U O O E  O i l  
Y 1 4 R 7 2 f 9 1 E  04 
TF I 'VAL 1 , J O L 1 5 0 0 E - 0 1  
0 . 1 ~ 4 o l l u u I €  02 u . 2 1 o l u o o o E  02 U . 7 5 8 Y 4 0 1 5 t  D l  
u . i ( L o o n u r e  b z  u .  1 1  23/822t 02 J . 7 9 8 9 4 0 2 5 t  G 1  
U . 1 l 4 l U f l O I E  02 - 8 , 6 4 5 7 Z l Y 4 t  0 1  0 . 7 9 d P 4 0 1 5 €  b l  
0 . 1 5 2 4 6 7 / / t  02 
B E I A  El 
B E I A  E 3  
G A M A  t l  
G A M q A  t J  
B t l A  El 
H € T A  € 3  
G P V Y P  t l  
G A M M A  E5 
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SECTION 8 
PROGRAM LISTING 
s FORTRAN DECKrSTAB 
CTASKE 
D I M E N S I O N  O U T ( 1 3 )  
DIMENSION S A V E S ( 1 3 ) r  S A V E P ( 1 0 ) .  S A V E ( 3 )  
COMMON/BLK/DZER0(6*6)*  J Z E R 0 ( 6 * 6 ) *  QWIG(9). I T ~ o T F I N A L I D T  
COMMON/BLK 1 / 
1 Z ~ 1 0 r 1 0 r 1 0 ~ ~ Z K ~ 1 0 ~ ~ R ~ 1 3 ) r Z S T D Y o r  
2 
3*DELl~DEL3*DEL4rDEL5rDEL6,DTR,COMVALo 
C (  1 3 -  1 3 r  13) rD( 1 3 r  13) 
D I M E N S I O N  R Z ( l O ) r P ( 3 ) , V ( 3 ) t 8 ( 4 )  
D I M E N S I O N  HOLGM(5lr H O L B ( 5 )  
REAL K A P ~ ~ K A P ~ ~ K A P ~ * K A P ~ * K A P ~ , K A P B ~ N U ~ N O R M K  
REAL JZERO 
EQUIVALENCE ( Z K I P ) * ( Z K ( ~ ) * V ) , ( Z K ( ~ ) ~ ~ ) ~ ( R ~ , R ~ )  
DATA H O L G M / ~ H C ~ ~ ~ H C ~ ~ ~ H C ~ ~ ~ H C ~ ~ ~ H C S / ~  
1 HOLB/2HE 1 4 2HE3 2HE4 2HE5 92HE6/ 
C***+* INPUT COMMAND VALUES I N  COMVAL 
8-1 
. 
N A M E ~ I S T / I N P U T ~ Z S T D Y * E S * P * V ~ B ~ E S T A R ~ D ~ L l ~ D ~ L 3 * D E L 4 ~ D E L 5 ~ D E L 6 *  
lCOMVAL* RHO- K A P ~ , K A P ~ ~ K A P ~ ~ K A P ~ O K A P ~ ~ K A P ~ ~ N U * N ~ M K * D ~ O X I * S C A L E  
2 COMPB 
2 + T F I N A L I D T *  NTIMES 
C IN I T  I A L  I ZE 
DTR = mol7453292 
DO 5 I = l o 6  
G A M ( 1 )  = 0.0 
5 B E T A ( 1 )  = 000 
DO 9 1 = 1 0 3  
ES(  I)=O. 
P (  I)=0. 
V<I)=O. 
B(I)=Oe 
9 ZSTDYCI) = 00 
B( 10)=0. 
1 D E L l t O e  
DEL3=Oo 
DEL4=Oa 
DELS=O. 
DEL6=Oo 
I T 3 = 0  
I TER=O 
REA0 ( S O I N P U T )  
W R I T E ( 6 * 1 0 0 0 )  
W R I T E ( 6 o I N P U T )  
DO 10 I = l r l O  
8-2 
. 
GO TO 1 2  
GO TO 14 
1 0  S A V E S ( I ) =  Z S T D Y ( 1 )  
IF(  COMPBoEQo 1 1 C A L L  ‘COMP 
DO 1 0 1  1z1.3 
S A V E ( t ) =  E S T A R ( 1 )  
S A V E S ( I + l O ) =  E S ( 1 )  
S A V E P (  I ) =  P (  I )  
S A V E P ( I + 3 ) =  V ( I )  
101 S A V E P ( I + 6 ) =  B(1) 
S A V E P (  l o ) =  B ( 4 )  
W R I T E ( 6 .  1000) 
IF ( D E L l m N E e l e )  GO TO 1 1  
C GROUP = l(SETS1+3) 
IX=1 
I Y = 2  
GROUP% 1 0  
1 1  IF(DELSeNEe10) 
C GROUP = 2(SETS3+5) 
IX=2 
I Y = 4  
GROUF=Eo 
1 2  I F (  DEL4.NE. l . )  
C GROUP = 3(SETS4+6)  
I X = 3  
I Y = 5  
GROUP=3o 
14 W R I T E ( 6 . 1 0 0 4 )  H O L G M ( I X ) *  C O M V A L ( 1 ) a  H O L G M ( 1 Y ) v  C O M V A L ( 2 ) r  
1 HOLCM( I X ) *  C O M V A L ( 3 ) a  H O L G M ( 1 Y ) r  C O M V A L ( 4 )  
8-3 I 
i 
C**++ CONVERT DATA TO NON-DIMENSIONAL UNITS AND SAVE INPUT 
PXz44.76462 
V X = 2 6 *  
BXz3437.74677 
D O  16 I t 1 9 3  
OUT(I)= P(I) 
P ( I ) =  P(I)/PX 
OUT( 1+3)= V (  I )  
V(I)=V(I)/VX 
OUT(I+6)= @ ( I )  
8 (  I I =  B( I )/BX 
OUT(I+10)= ESTAR(1) 
16 ESTAR(1) = ESTAR(I)*4m8481361E-6 
OUT(lO)=B(4) 
6(4)= 6 ( 4 1 / 6 X  
17 WRITE (6r1001) 
WRITE(6o 1016) 
WRITE(6r1014) OUT(1)e OUT(4). OUT(7)r O U T ( ~ ~ ) O H O L B ( I X ) ~  OUT(2)r 
1 O U T ( 5 ) r  OUT(8)r OUT(12lrHOLB(IY)e O b T ( 3 ) r  OUT(6)e OUT(9)rOUT(13)o 
2HOLB(IX), OUT(lO).HOLB(IY) 
DO 18 1~1.3 
OUT(I)=ZSTDY(I) 
ZSTOY( I)=tSTDY(I)/PX 
OUT(I+31= ZSTDYtI+3) 
Z S T D t (  1+3)=ZSTDY(I+3)/VX 
OUT(I+6)=ZSTDY(1+6) 
ZSTDY( I+6)=ZSTDYt I+6)/BX 
8-4 
c 
I 
i . 
OUT( 1+10)= ES( I )  
18 E S ( 1 )  = E S ( I ) + 4 0 8 4 8 1 3 6 1 E - 6  
OUT(  l o ) =  Z S T D Y (  10) 
Z S T D Y ( l O ) = Z S T D Y ( l O ) / B X  
W R I T E  (6r1002)  
W R I T E ( 6 r l O l 6 )  
W R I T E ( 6 . 1 0 1 4 )  O U T ( 1 ) o  O U T ( 4 ) r  O U T ( 7 ) r  O U T ( 1 l ) r H O L B ( I X ) ,  O U T ( 2 ) r  
1 O U T ( 5 ) o  O U T ( 8 ) +  O U T ( 1 2 ) r H O L B ( I Y ) r  O U T ( 3 ) r  O U T ( 6 ) r  O U T ( 9 ) r O U T ( l 3 ) r  
2 H O L B ( I X ) r  O U T ( l O ) r H O L B ( I Y )  
19 W R I T E ( 6 e 1 0 0 5 )  R H O * K A P 2 r  KAP3r K A P 4 r  K A P 5 r  K A P 7 r  K A P 8 r  NUqNORMKr 
1 S C A L E  
C***** S E T  UP I N P U T  D A T A  FOR T A S K 1 1 1  
D O  20 I = l r 3  
P S T A R ( I ) = P ( I )  
V S T A R ( I ) =  V ( I )  
P S (  I ) =  Z S T D Y f  1 )  
20 V S ( I ) =  Z S T D Y ( 1 + 3 )  
IF (GROUP-2.) 2 2 ~ 2 4 r 2 6  
22 B E T A ( I ) =  C O M V A L ( l ) * D T R  
BETA(3)= C O M V A L ( E ) * D T R  
G A M ( l ) =  C O M V A L ( 3 ) * D T R  
GAM ( 3)  =COMVAL ( 4 ) *DTR 
GO TO 20 
24 B E T A ( 3 ) "  C O M V A L ( l ) + D T R  
B E T A ( g ) =  C O M V A L ( 2 ) * D T R  
G A M ( 3 )  = C O M V A L ( 3 ) * D T R  
G A M ( 5 )  = C O M V A L ( 4 ) s D T R  
8-5 
GO TO 28 
26 B E T A ( 4 ) =  C O M V A L ( l ) * D T R  
B E T A ( 6 ) =  COMVAL(2)*DTR 
GAM(4)  = COMVAL(3)*DTR 
G A M ( 6 )  = COMVAL(4)*DTR 
28 N=6 
DO 29 I = l r N  
D O  29 J = I + N  
JZERO( I r J ) = o o  
H Z E R O ( 1 r J ) ~ O o  
29 D Z E R O ( I e J ) = O ~  
P X =  KAP4/ (  RHWKAP’I 1 
DO 30 I = 1 9 3  
J Z E R O ( I v 1 )  = P X  
30 J Z E R 0 ( 1 + 3 r 1 + 3 )  = -1.0 
CALL M T M P Y ( O r J Z E R O * D Z E R O * T E M P ~ - 6 * 6 o 6 * 6 r 6 )  
8-6 
I 
I 
I 
~ 
I 
i 
I 
: 
~ 
I 
I 
I 
! 
I  
I 
I 
I 
I 
1 
I 
i 
I 
I 
I 
i 
I 
L 
CALL Y T M P Y ( O * D Z E R O ~ J Z E R O ~ T E M P ~ ~ ~ O ~ ~ ~ * ~ ~ ~ )  
D O  60 I = 1rN 
DO 60 J = 1rN 
60 SUMM(1rJ) = TEMP(IIJ)+TEMPI(I*J) 
CALL TASK3 
IF(  IT3oEQ.O) GO TO 90 
IF (SONEmCEoOo) GO TO 90 
C***** OUTPUT FOR TASK111 
DO 70 1 ~ 1 0 3  
V(I)= QWIG(I)+VS(I) 
OUT(1+3)= V(I)+VX 
P (  I ) =  QWIG( 1+3)  +PS( I )  
OUT(I)= P(I)*PX 
ESTAR( I ) =  QWIG( I+6)+ ES(  I )  
OUT(I+lO)= ESTAR(1)/4.8481361€-6 
ES(I)= SAVES(I+lO) 
70 8 ( 1 ) =  SAVEP(I+61 
8 ( 4 ) =  SAVEPtlO) 
DO 79 IolelO 
75 ZSTDY(I)= SAVES(I1 
ITER= ITER+l 
IF  (ITERoGTo NTIMES) GO TO 90 
WRITE(6e1000) 
GO TO 17 
90 CALL TASK4 
8-7 
L 
105 DO 110 1 = 1 * 1 0  
110 Z S T D Y ( I ) =  S A V E S ( 1 )  
DO 111 I+1*3  
P ( I ) =  S A V E P ( 1 )  
V ( I ) =  S A V E P ( I + 3 )  
B (  I ) =  S A V E P (  1+6) 
E S f A R ( I ) =  S A V E ( 1 )  
111 E S ( 1 ) s  S A V E S ( I + 1 0 )  
B ( 4 ) =  S A V E P ( l 0 )  
1000 FORMAT(  1 H 1 )  
1 9 0 1  FORMAT ( l H O * 9 X * 6 H P  S T A R * 1 3 X * 6 H V  S T A R i t 4 X a 6 ~ 8  S T A R ~ ~ ~ X I B H E  S T A R / )  
1002 FORMAT ( 1 H O * 6 X * 8 H P  S T E A D Y * 1 2 X t B H V  STEADY*12X,BHB STEADY,IEXIBHE ST 
l E A D Y / )  
1 0 0 4  FORMAT ( 1HOe 14HCOMMAND V A L U E S  * ? X I  7HDEGF?EES/ 
1 /SHBETA 
2 A 2 e 2 H  = F12.80 4x1 5HBETA A2i2H =F12.3* 
3 7H GAMMA A 2 * 2 H  = F 1 2 e B e  4x0  6HGAMMA A 2 e 2 H  = F1208//)  
1005 FORMAT(6HORHO =E16o8/7HOKAIJ2  = E 1 6 ~ 8 * 3 X 6 6 H K A P 3  = E 1 6 . 8 * 3 X * b H K A P 4  = 
l E l 6 0 8 / 7 H o K A P 5  = E 1 6 0 8 * 3 X * 6 H K A P 7  = E l 6 . 8 * 3 X * S H K A P B  = E 1 6 r B / S H O N U  = 
2 E 1 6 6 8 * 5 X o 7 H N O R M  K= E 1 6 * 8 * 2 X * 7 H S C A L E  E16*8 / )  
1906 F O R M A T ( ~ H O I ~ ~ X , ~ H D I A G  HO/d(E1608)) 
1307 F O R M A T ( l H 0 * 4 7 X * 7 H D J A G  01 /3 (E1608) )  
1014 F O R M A ~ ( ~ H O * ~ E ~ O O ~ ~ ~ X O  SHBETA A 2 /  l X * 4 E 2 0 . 8 + 3 X . 5 H B E T A  A 2 /  
1 l X * 4 E Z O o 8 + 3 X i d H G A M M A  A 2 /  ~ ~ X I E ~ O ~ ~ , Z ~ X ~ H G & M M A  A 2 / )  
l o 1 6  F O R M A T ( l H <  ~ ~ ~ X ~ ~ H A M P S ~ ~ ~ X * ~ H V O L T S O ~ ~ X ~ ~ H A M ~ ~ ~ X ~ ~ H A S / / )  
GO TC 1 
END 
8-8 
c 
0 FORTRAN DECKoSTAB 
CTASK3 
SUBROUTINE TASK3 
COMMON/BLK/DZER0(6-6).  J Z E R 0 ( 6 , 6 ) r  Q W I G I I T ~ ~  TFINALIDT 
CO)(rlMON/BLK2/SONE 9 SZERO 
COMMON/BLK3/ D D E P ( 9 ) r  SDEP(9) TEMP2 
COMMON/BLK4/ELr GWIGI BEAR 
COMMON / I N P T / R H O I K A P ~ I K A P ~ ~ K A P ~ ~ K A P ~ ~ K A P ~ ,  
~ N U I N C ? M K I D ~ ( ~ ) I G R O U P ~ G A M ( ~ ) ~ B E T A ( ~ ) I X I ( ~ ) I ~ C A L E  
COMMON / I N P T N /  P S T A R ( ~ I I V S T A R ( ~ ) ~ E S T A R ( ~ ) ~ ~ S ( ~ ) ~ V S ( ~ ) ~ E S ( ~ )  
D I M E N S I O N  D E L T A ( 6 )  
D I M E N S I O N  B W I G ( 9 , 3 ) r C W f G ( 3 1 9 ) , G ( 3 1 3 ) o ~ l 1 ( ~ ~ 6 ) o Y Z 2 ( 9 o 9 )  
D I M E N S I O N  B B A R ( ~ ~ ~ ) , C B A R ( ~ ~ ~ ) I U B A R ( ~ I ~ ) ~ D ( ~ ~ ~ ) ~ T E M P ( ~ ~ ~ )  
D I M E N S I O N  V B A R ( 3 1 9 ) , Y Z ( 9 1 9 ) r Y i ( 6 ~ 6 ) o T E M P l ( 6 , 6 ) o T E ~ 2 ( 6 o 6 )  
DIMENSION E L ( ~ , ~ ) I E L V ( ~ ~ ~ ) , J A Y ( ~ I Q )  
D I M E N S I O N  S G ( 6 )  r C G ( 6 )  r T B ( 6 )  r l Z Y E ( 3 0 3 )  r S P ( 9 )  
D I M E N S I O N  T E M P 3 ( 3 r 9 )  
D I M E N S I O N  Q W I G ( 9 ) o S ( 9 r 9 )  
D I M E N S I O N  Y O N E ( ~ ) O S P R ( ~ ) , R E S ( ~ ) ~ G W I G ( ~ )  
D I M E N S I O N  S V Z ( 9 ) r T E M P 4 ( 9 o 9 )  
D I MENS I ON TEMPD ( 37 1 
REAL K A P ~ . K A P ~ I K A P ~ ~ K A P ~ I K A P ~ , K A P B ~ N L , N O R M K  
REAL JAY 
REAL JZERO 
8-9 
EXTERNAL OERIV 
DO 6 I = 1,6 
6 DELTA(  I )  ZJ 0.0 
DO 7 1 = l e 3  
DO 7 J zz l r 9  
BWIG ( J i I )  = 000 
7 CWIG (IIJ) = 0.0 
IF (GROUP-200) 10i20+30 
1 C K = 1  
GO TO 40 
2 0 K = 3  
GO TO 40 
3 0 K = A  
40 DELTA ( K )  = 1.0 
DELTA ( K i 2 )  LOG 
P 
DO 50 1 = 1 - 3  
B W I G  ( 1 + 3 r I )  = P 
50 CWIG ( I e 1 )  3 1.0 
= - ( KAPS+KAPB ) / (RHO* ( RHO*KAP7 1 **2 ) 
8-10 
. 
I 
P = (KAP~-RHO+KAP~*KAP~)/(KAP~*(RHO*KAP~+KAP~) 1 
Q = KAPE/(KAPI+KAPB)  
RR = (RHO*KAP7/KAP4)+((KAP24KAP3*KAP4)~(KAp6*(RHO*KAP7+KAP4) 1 )  
DO 70 I = 1.9 
DO 70 J = l r 9  
8-11 
i '  
8-12 
DO 135 I = l r 9  
D O 135 J = l r 3  
135 TEMP(Jr1) = BBAR(1rJ) 
C A L L  MTMPY(OeTEMPrDeTEMP3e3*9*9t3*9) 
C A L L  MTMPY(OrCBAReJAY*VBAR*3*9*9e3*9) 
DO 140 I = l r 3  
DO 140 J = l e 9  
140 V B A R ( 1 e J )  = T E M P 3 ( I r J ) + (  N U / 2 m O ) * V B A R ( I * J )  
C A L L  M T M P Y ( O . J Z E R O * D Z E R O * T E M P l * - - 6 e 6 e 6 e 6 r 6 )  
C A L L  M T M P Y ( O I D Z E R O * J Z E R O ~ T E M P ~ O ~ ~ ~ ~ ~ ~ ~ ~ ~ )  
DO 150 I = l r 6  
DO 150 J = l e 6  
8-13 
DO 177 I = l r 9  
DO 177 J = 1 r 9  
177 YZZ(I9J) =SCALE+YZZ(I*J) 
C A L L  MINORS(YZZ*9rSP) 
8-14 
215 DO 220 I = l a 3  
220 CWIC(1) = TANH(VSTAR(I))-TANH(VS(I)) 
CALL M T M P Y ( O a E L V o Q W I G r S , 9 ~ 9 r l ~ 9 * 9 )  
DO 230 I = l r 3  
YONE(1) = S(1+6rl) 
230 Y O N E ( I + 3 )  = GWIG(I) 
CALL M T M P Y ( O I J Z E R O I S I T E M P ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ )  
CALL M T M P Y ( O ~ B B A R ~ G W I G I T E ~ P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ )  
D O  240 I = 1 * 6  
240 S P R ( 1 )  = TEMPl(Irl)+TEMP2(Irl) 
DO 250 I = l r 3  
DO 250 J = 1.3 
250 TEMPl(IrJ1 = BBAR(1+6,J) 
CALL M T M P Y ( O ~ T E M P ~ , G W I G I T ~ M P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ )  
8-15 
DO 260 I = l e 3  
260 SPR(f+6) = TEMP2!(1,1) 
CALL MTMPY (OrYll*YONErTEMPlr6,6rlr6e6) 
SUM t 0.0 
DO 270 I = l e 6  
270 SUM = SUM + TEMPl(Iul)+YONE(I) 
SONE=SUM 
t 
DO 280 I = l r 9  
280 R E S ( I )  = -loO*SPR(I)*S(Irl) 
CALL M T W P Y ( O I Y Z Z ~ S Y Z I T E M P ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ )  
SUM = 0.0 
DO 320 1 = l r 9  
320 SUM = SUM + TEMP4( I r 1 ) *sYz (  1 
SZEROrSUM 
WRITE(6r 1008) 
WRlTE(6r1009) SZEROISONE 
SUM1 P 000 
8-16 
I .  
SUM2 t 000 
DO 330 I f 1 + 6  
330 SUM1 = SUMl + S P R ( I ) * S ( I + l l  
SUMl = -SUM1 
DO 340 I = 1+3 
340 SUM2 = S U M 2 + S p R ( I + 6 ) * S ( I + 6 + 1 )  
SUM2 x -SUM2 
I F  (SONEmCEo O*) GO TO 5001 
I T 3 =  1 T 3 + 1  
C*+++ SET UP I N I T I A L  CONDITIONS FOR RUNCE-KUTTA 
D O  350 I t 1 9 9  
350 S D E P ( I ) =  S ( I + 1 )  
X F =  T F  I N A L  
DX= Of 
X=O. 
CALL R K P B ( D E R I V +  TEMPD, X t  D X e  SDEP- 3DEP99)  
365 CALL RKPBl 
I F  ( X - X F )  3709 3809380 
370 C A L L  RKPB2 
GO TO 365 
C***** EVALUATE NEW QWIG 
380 DO 385 I = 1 + 9  
385 S ( I + I ) =  S D E P ( 1 )  
D O  395 I = 1 + 9  
SUM=O@ 
D O  390 J=1+9 
390 SUM= SUM+ E L ( I * J ) * S ( J * l )  
I 
8-17 
. 
395 QWIC(I)= SUM 
5001 RETURN 
1008 F O R M A T ~ l H ~ / / 3 0 X ~ l 8 H ~ T A B I L I T Y  C R I T E R I A  / / )  
1 0 0 9  F O R M A T ( ~ H O I ~ ~ H S M A L L  G I M B A L  ANGLE ERRO'?S/7X*6HS 2 E R 0 * 2 X * E 1 6 0 8 * 5 X *  
14HSONE r2XqE 1 6 0 8 / /  ) 
END 
8-18 
s FORTRAN DECK e STAB 
~ CTASK4 
I 
SUBROUTINE TASK4 
C+*** DOMA I N  O F  ATTRACT I ON 
DIMENSION OUT( 10)  
, 8-19 
C K = K T H  M A T R I X  
C I-ROW I N D I C A T O R  OF KTH M A T R I X  
I C J-COLUMN I N D I C A T O R  OF K T H  M A T R I X  
I C P R E L I M I N A R Y  C A L C U L A T I O N  
I F ( DEL 1 ONE. 1 a ) GO TO 23 
B E T A C I =  COMVALt  1 )*DTR 
B E T A C 3  =COMVAL ( 2 ) *DTR 
GAMC 1 = COMVAL ( 3  1 *DTR 
GAMC3 = COMVAL(: 4 1 *DTR 
C O S G l  = C O S ( G A M C 1 )  
COSG3 = C O S ( G A M C 3 )  
S I N G 1  = S I N ( C A M C 1 )  
S I N G 3  = S I N ( G A M C 3 )  
, 
I 
I 
I 
I 
I 
I S I N E G 1  2 o * S I N G l * C O S G l  
S I N 2 G 3  = 2o*SING3+COSG3 
COS2G1 = 2 a * C O S G 1 + * 2 ~ 1 0  
c O S 2 G 3  = 2o*COSG3**2-1a 
I 
T A N 8 1  = T A N ( B E T A C 1 )  
1 T A N 8 3  = T A N ( B E T A C 3 )  
S E C 2 8 1  = ( l o / C O S ( B E T A C l ) ) * * 2  
S E C 2 B  = ( l . / C O S ( B E T A C 3 ) ) * * 2  
GO TO 29 
I 
I 
I 23 I F ( D E L S . N E o 1 0 )  GO TO 26  
I B E T A C 3 =  C O M V A L ( l ) * D T R  
I B E T A C 5  = C O M V A L ( 2 ) * D T R  
, GAMC3 = C o M V A L ( 3 ) * D T R  I 
GAMCf = COMVAL ( 4 )  *DTR 
8-20 
C o s G 3  = C O S ( G A M C 3 )  
COSGSt C O S ( G A M C 5 )  
S I N G 3  = S I N ( G A M C 3 )  
S I N G S =  S I N  ( GAMCS 1 
S I N 2 G 3  = 2.*SING3*COSG3 
S 1 N 2 G 5 =  2 r * S I N G S * C O S G S  
C O S 2 C 3  = 2.*COSG3**2-1* 
C O S 2 C 5 =  2.*COSG5**2-1* 
T A N 6 3  = T A N ( B E T A C 3 )  
T A N 8 5  = T A N ( B E T A C 5 )  
S E C ~ B ~ =  ( I . / C O S ( B E T A C 3 ) ) * * 2  
SEC285 = ( l o / C O S ( B E T A C 5 ) ) * * 2  
GO TO 29 
26 I F ( D E L 4 o N E o I o )  GO TO 29 
B E T A C 4 =  C O M V A L ( I ) * D T R  
B E T A C 6  = C O M V A L ( E ) * D T R  
GAMC4 = C O M V A L ( 3 ) * D T R  
GAMC6 = C O M V A L ( 4 l * D T R  
C o S G 4  = COS(GAMC4)  
COSG6= COS(GAMC6)  
S I N G 4 0  S I N ( G A M C 4 )  
S l N G 6 t  S I N ( G A M C 6 )  
SfN2G4= 2.+SING4+COSG4 
S I N 2 G 6 =  2 o * S I N G 6 * C O S G 6  
COS2G42 2o*COSG4**2-1*  
COS2G6= 20*COSG6**2-1e  
T A N 6 4 1  T A N ( B E T A C 9 )  
8-21 
.' 
8-22 
8-23 
8-24 
I 
I 
I 
I 
E 
I 
I 
i 
I 
I 
I  
8-25 
. 
8-26 
. 
8-27 
. 
8-28 
. 
i 
8-29 
C 
70 
C* 
74 
C* 
76 
c+ 
C 
80 
8-30 
L 
i 
C* 
8-31 
8-32 
Z ( E I ~ O I K ) =  *5*COSGb*TANBb 
Z ( 1 0 , 2 1 K ) =  Z(2tlOaK) 
2 ( 2 r S . K ) =  o5*SINGb*SEC286 
z ( 8 1 2 1 K ) =  Z ( 2 . 8 - K )  
Z ( 3 1 8 o K ) z  .5*COSG6*SEC2B6 
2 ( 8 , 3 1 K ) =  Z ( 3 1 8 1 K )  
Z ( 3 r I O i K ) =  - rS*SING6*TANB6 
2 ( 1 0 1 = j 1 K ) =  Z ( 3 1 1 0 + K )  
200 CONTINUE 
c*%+*+++*****~*+ COMPUTE C( IIJIL) 
210 DO 300 L = 4113 
DO 300 J = 4-13  
I F  ( J e N E a L I  GO TO 250 
C******** CASE J = L 
DO 240 f * 4.13 
I F  (1.NE.J) GO TO 220 
C I = J = L  
K = L-3 
~ ( L I L I L )  = Z ( K * K I K )  
GG TG 240 
C I NOT EQUAL TO LI J = L 
220 K = L-3 
C ( I I L ~ L )  = ~ ( I - ~ I K I K )  
240 CONTINUE 
GO TO 300 
c***** CASE J NOT EQUAL TO L 
250 DO 270 I = 4113 
******+*******+* 
a-33 
, 
IF (1eNE.J) GO TO 260 
C I = J  
K = 1-3 
C ( I , I * L )  = Z(KIKIL-3)  
GO TO 270 
C 1 NOT EQUAL TO J 
260 C ( I * J e L )  = Z ( I - 3 , J - 3 r t - 3 )  
270 CONTINUE 
300 CONTINUE 
c+++++++++++++++++** COMPUTE D (  
DO 330 L = 4 r 1 3  
DO 330 I = 4 r 1 3  
DS = O e  
IF ( 1 , E Q e L )  GO TO 315 
C++** I NOT EQUAL TO L 
DO 310 J = l e 1 0  
* 
310 D S  DS+Z(I-~~JIL-~)*ZSTDY(J) 
D(1.L) = DS 
GO TC 330 
cw*++ I t L  
315 DO 320 J = l a l o  
K = L-3 
320 DS = D S + Z ( K v J * K ) + Z S T D Y ( J )  
D ( 1 . L )  = DS 
330 CONTINUE 
C*++++ EVALUATE THETA1 
P1 = 0. 
8 -34 
P6 = 0 0  
340 DO 350 L = 4 r L I M  
P 1  = P l + C ( L r L I L ) + R ( L ) * * 3 / 3 .  
350 P6 0 D ( L * L ) * R ( L ) * * 2 + P 6  
355 P2 = 0. 
I P3 = 0. 
P5 = 0 0  
DO 360 L = 5 r L I M  
L M l  = L - 1  
DO 360 I = 4 r L M 1  
P2 = C(frIeL)*R(1)**2*R(L)+P2 
~3 = c(IoLoL)*R(I)+R(L)**~+P~ 
360 P5 = 2 . + D ( X r L ) * R ( I ) * R ( L ) + P 5  
P4 = 0. 
365 DO 380 L = 6 r L I M  
L M l  = L-1 
DO 380 I = 4 r L M 1  
DO 380 J = 4 r L M 1  
I F  (1.EO.J) GO TO 380 
F4 E C(I~JoL)*R(Il*R!J)*~~L?+p~ 
380 CONTINUE 
THETA = PI+P2+P3+P4+P5+Pb 
THETA1 = THETA 
C***** COMPUTE THETA2 
390 THETA2 = 0. 
DO 400 L 1 9 3  
CVK = C O S H ( V ( L 1 )  
8-35 
I CVSTDy = C O S H ( Z S T D Y ( L + 3 ) )  
j T V S T D Y t L )  = T A N H ( Z S T D Y ( L + 3 ) )  
400 THETA2 = THETA2+ALOG(CVK)-ALOG(CVSTDY)-R(L)*TVSTDY(L)  
THETA = THETAZ-THETA1 
C**+X*** EVALUATE GAMMA 
OKON = 1 ./SORT (XCONS 1 
GAMMA = 00 
DO 410 I = l r 3  
V D I F  t T A N H ( V ( I ) ) - T V S T D Y ( I l  
I 
4 1 0  GAMMA = GAMMA+(R(I)-OKON+VDIF)*VDXF 
C+*++++++U++++*+++** K 1 r 2 . 3  
DO 425 K = 1 r 3  
P 1  = 0. 
C SUM OVER I AND Jr ( 4 r 1 3 )  
DO 4 1 5  I = 4 r 1 3  
I M 3  = 1-3 
DO 415 J = 4 * 1 3  
J M 3  = J-3 
415  P1 = P 1 + Z ( I M 3 ~ J M 3 ~ K ) * R 2 ( 3 M 3 ~ ~ R Z ( I M 3 ) + ~ e * Z ( ~ M 3 ~ J M 3 ~ K ) * Z S T D Y ( J M 3 ) ~ R 2  
l !  I M 3 )  
P1 = ( Z K ( K ) - O K O N * P l ) * P l  
425 GAMMA = GAMMA+Pl 
C******** K = 4 r 5 r 6  
430 DO 440 K = 4 - 6  
P2 = 0. 
DO 435 I = 4 , 1 3  
I M 3  1-3 
I 
8-36 
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DO 435 J = 4.13 
J M 3  = J-3 
435 P2 = P2+Z(. I M ~ ~ J M ~ ~ K ) * R ~ ( J M ~ ) ~ R ~ ( ~ M ~ ) + ~ O * Z ( ~ M ~ ~ J M ~ ~ K ) * Z S T D Y ~ J M ~ ) * R ~  
1 ( I M 3 )  
P2 = ( R 2 ( K ) - O K O N * P 2 ) * P 2  
440 GAMMA = GAMMA+P2 
C**+++++++++*++ K = 7 * 8 r 9 a 1 0  
445 DO 460 K = 7910 
p3 = 0. 
DO 450 I = 4 r 1 3  
I M 3  = 1-3 
DO 450 J = 4a13 
J M 3  = J-3 
450 P3 = P ~ + Z ( I M ~ ~ J M ~ ~ K ) * R ~ ( J M ~ ) * R ~ ( I M ~ ) + ~ O * Z ( ~ M ~ ~ J M ~ ~ K ) * Z S T D Y ( J M ~ ) ~ R ~  
1 ( I M 3 )  
P3 = ( R E ( K ) - O K O N + P 3 ) + P 3  
460 GAMMA = GAMMA+P3 
W R I T E ( 6 e 1 0 1 2 )  THETAIGAMMA 
W R I T E ( 6 a  1016) 
C**+++*++****FOF?MAT STATEMENTS 
1003 FORMAT ( 3 H O K =  1 3 / ( 1 0 ( I O F 1 2 0 3 / ) ) )  
1010 F O R M A T ( l H O * 2 5 H S M A L L  G I M B A L  ANGLE ERRO'2S/7X*6HS Z E R 0 * 2 X 1 € 1 6 0 8 r 5 X ,  
1 4 H S O N E a 2 X a E 1 6 0 8 / / 1  
1011 FO~AT(1HO//30Xrl8HSTABILITY C R I T E R I A  / / I  
1012 F O R M A f ( l H 0 / 2 5 H L A R G E  G I M B A L  ANGLE ERRORS / 7 x * l O H C A P  L A M B O A r E X r E 1 6 . 8  
1 * 5 X r 9 H C A P  G A M M A r 2 X r E 1 6 . 8 / )  
1015 FORMAT ( 1 H O r  5 5 X e B H R  V E C T O R / 1 5 ( 5 0 X e E 1 6 . 8 / ) )  
8-37 
1016 FORMAT(lH1) 
501 RETURN 
END 
8-38 
s FORTRAN DECKISTAB 
CCOMP 
SUBROUTINE COMP 
COMMC W B L K  1 / 
I 1 Z ~ 1 0 1 1 0 r 1 0 ~ ~ Z K ~ 1 0 ~ * R ~ 1 3 ~ * Z S T D Y ~ l O ~ ~  
I 2 C(13*13~13)rD(13*13) 
~ ~ D E L ~ @ D E L ~ I D E L ~ ~ D E L ~ * D E L ~ ~ D T R ~ C O M V A L ( ~ )  
COMMON /INPTN/ P S T A R ( J ) r V S T A R ( 3 ) * E S T A ? ( 3 ) ~ p S ( 3 ) * V S ( 3 ) r E S ( 3 )  
DIMENSION R2(10)rP(3)rV(3)*8(4) 
DIMENSION E(3) 
EQUIVALENCE ( Z K I P ) ~ ( Z K ( ~ I ~ V ) P ( Z K ( ~ ) ~ B ) * ( R ~ I R ( ~ ) )  
1 = 1  
DO 10 1 ~ 1 - 3  
10 E ( I ) =  ESTAR(1)*40848136lE-6 
B1= 8(1)/3437.74677 
G3= COMVAL (4 +DTR 
SG3= SIN(C3) 
CG3= cOS(G3) 
G1= COMVAL(3l*DTR 
SCl= SIN(G1) 
CGl= COS(G1) 
PARTI= Bl+SGl*SG3 
GAMlEr l~/CG3*(2~+(E(l)*SG3+E(2)*CG3)-PART1) 
8ETA3E= 1a/CG3* ( - 2 e * E ( 1 ) +  Bl*SGl) 
GAM3E= 2r*E(3)+81*CGl 
B F A C =  0.290888 166E-3 
8-39 
B ( 2 )  = BETA3E/BFAC 
8(3)= GAMlE/BFAC 
8(4)= CAM3E/BFAC 
5001 RETURN 
END 
8-40 
. 
s FORTRAN DECKISTAB 
CDER I V 
SUBROUTINE O E R I V  
COMMON/BLK/DZERO(6,6)r J Z E R 0 ( 6 * 6 ) @  Q W I C ( 9 ) r  1 T 3 1  TFINALIDT 
COMMW/BLK3/ D D E P ( 9 ) I  SDEP(9)r T E M P 2 ( 6 * 6 )  
COMMON/BLK4/ E L ( 9 t 9 ) I  G W I C ( 3 ) r  B B A R ( 9 e J )  
COMMON / I N P T N /  P S T A R ( ~ ) ~ V S T A R ( ~ ) ~ E S T A R ( ~ ) I ~ S ( ~ ) I V S ( ~ ) I E S ( ~ )  
D I M E N S I O N  V ( 3 1 -  T E M P I ( 6 )  
REAL JZERO 
C**** EVALUATE NEW VBAR 
DO 10 I = 1 * 3  
SUM=O. 
DO 9 J = 1 1 6  
9 SUM= SUM+ E L ( I * J ) * S D E P ( J )  
1 0  V (  I )=  SUM+ V S ( I  1 
DO 1 5  I t 1 1 3  
1 5  G W I G ( I ) =  T A N H ( V ( I ) ) - T A N H ( V S ( I ) )  
DO 17 I = I r 6  
SUMxO. 
DO 1 6  3=lr6 
1 6  SUM= SUM+ J Z E R O ( I o J ) * S D E P ( J )  
1 7  D D E P ( I ) =  SUM 
DO 1 9  I = 1 * 6  
SUM=O. 
DO 1 8  J=1*3 
1 8  SUM= B B A R ( I I J ) + G W I C ( J ) +  SUM 
8-41 
. 
1 9  T E M P l ( I ) =  SUM 
C****** EVALUATE D E R I V  FOR SZEROP 
DO 20 1 ~ 1 9 6  
20 D D E P C I )  = D D E P ( I ) +  T E M P l ( 1 )  
C***** EVALUATE DERIVE FOR SONEP 
DO 25 1 ~ 1 0 3  
I K =  1+6 
SUM=O. 
DO 24 J = l r 3  
24 SUM= SUM+ BBARt IKo  J ) * G W I G ( J )  
25 OOEP(IK)= SUM 
RETURN 
END 
8-42 
s FORTRAN DECK 
CM I NOR 
SUBROUTINE MINORS(TMeM9SP) 
D I M E N S I O N  T E M P ( 9 - 9 )  e T M ( 9 * 9 ) r S P ( 9 )  
DO 3 C  I = 1 r M  
DO 20 J = l e 1  
DO 20 K = 1 r I  
20 T E M P ( J e K )  = T M t J e K )  
30 S P ( 1 )  = D E T E ( T E M P o I e 9 )  
RETURN 
END 
a-43, 
APPENDIX A 
EQUATION REFERENCES 
The equations evaluated in this Program are contained in Final Report, Part 1, Stability 
Criteria fo r  the OAO Coarse Pointing. Mode, by S. E.  Moskowitz. 
MINORS subroutine 
computes all 
principal minors of 
the Yo matrix 
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